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CHAPTER I
INTRODUCTION
Aquatics, particularly swimming, is an integral part
of today’s physical education programs.

At the college

level, a wide range of swimming ability exists among stu
dents from beginners through advanced.

Often an individ

ual's lack of swimming ability can be traced to a lack of
exposure to an aquatic environment and instruction in
swimming during the formative years.

Those individuals

who are fortunate enough to learn to swim early in life
often go on to swim competitively (for speed) and/or join
specialized clubs, such as water polo or synchronized
swimming.
Historically, skill in swimming goes as far back as
man.

The earliest time in which the ability to swim is

known to have been acquired, utilized, and recorded was
on wall paintings dated about 9000 B.C.

At that time,

pictures portraying the actions of swimmers were inscribed
on the rock walls of caves of the Wadi Sori in the Libyan
Desert.

Children learned to swim from one another or

from their elders, much in the same way as they learned
to walk.

Swimming was considered as a "natural" part of

Torney, John A., Swimming.
Book Co., 1950. p. 3-

New York:

McGraw Hill

<]
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life and not previously thought of as a sport.

2

In Amer

ica, Benjamin Franklin, who had experimented with paddles
attached to the hands of swimmers, recommended that swim
ming be part of the curriculum of schools in the United
States.

In 1827, Francis Leiber established a swimming

school in Boston.^

In 1855? the first YMCA swimming pool
4
was built in Brooklyn, New York.
Formal swimming com
petitions were not evident until the late 1800's.
Synchronized swimming is a creative form of swimming
often expressed in water shows or aquatic art.

Involved

are the elements of stunts, pageantry, and group swimming
5
formations. Stoerker, in a study of The Origin and
Development of Synchronized Swimming in the United States,
points out that there were water activities of this type
in the United States as early as 1910.

Toler^ pointed

2

Gardiner, E. Norman, Athletics of the Ancient World.
Oxford at Clarendon Press, 1950. Pp."^3-95•
^Torney, John A., Swimming. New York: McGraw Hill
Book Co., 1950. P. 3.
4
Lee, Mabel, "Notable Events in Physical Education
1825-1975*" Journal of Physical Education and Recreation,
XLVI (March 1975), 8.
^Stoerker, Marion, "The Origin and Development of
Synchronized Swimming in.the United States." M.S. thesis,
University of Wisconsin, Madison, Wisconsin, 1956* L* 17*
^Toler, Shirley E., "The Relationship of Selected
Measures of Flexibility and Kinesthesis to Achievement in
Synchronized Swimming Stunts." M.S. thesis, University of
Iowa, Iowa City, Iowa, 1971*
2.
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3
out that, "water stunts were designed to perfect water
manship, muscle control, confidence in water, and to use
these skills as a means for entertaining others."

Syn

chronized swimming has been known by many names such as
water ballet, ornamental swimming, formation swimming,
n

rhythmic swimming and figure swimming.'

In "194-1, the

Amateur Athletic Union recognized synchronized swimming
as a competitive sport.
Swimming exercise contributes significantly to the
physical development of the body.

Muscular development

and strength, circulorespiratory endurance, flexibility,
and co-ordination are benefits from or through swimming.
O
Torney stated that:
"symmetrical development, the acquisition of
grace and strength, the improvement of pos
ture through the strengthening of muscles
utilized in swimming, and its development
and improvement of endurance are additional
benefits obtained."
Much has been written about the specificity of flex
ibility and the amount of flexibility needed for various
activities.

Many investigators have also studied kines

thesis or the part that "muscle sense" plays in perform
ing various movements.
We know that the buoyancy of any given individual

7ibid.
O
Torney, John A., Swimming.
Book Co., 1950. P. 3.

New York:

McGraw Hill
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depends on his/her individual physical make-up (composi
tion) ; muscle and bone are dense in structure and do not
aid in flotation, whereas fat, which is much less dense,
is easily supported by the upward force exerted by the
water.

There may exist a difference in the amount of

arm strength swimmers have.
The aim of this study was to investigate which fac
tors lead to success in swimming.

Do differences exist

between the groups in measures of flexibility?

Is the

degree of "muscle sen.se" enhanced among any of the groups
What differences exist in the arm strength of beginning,
synchronized, and competitive (speed) swimmers?

Do the

amounts of total body fat vary between the three groups?
All of these aspects were investigated in this study.
Statement of the Problem
The problem in this investigation was to compare
measures if flexibility, percent of total body fat, arm
strength, and kinesthetic sense among college age, female
beginning, competitive (speed), and synchronized swimmers
Purpose of the Study
The purpose of this study was to determine whether
differences exist between beginning, competitive (speed),
and synchronized swimmers in measures of flexibility, per
cent of total body fat, arm strength, and kinesthetic

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

sense.

It is also the first step in isolating those fac

tors which contribute to success in swimming.
Definition of Terms
Kinesthesis.— Kinesthesis is defined in this study
as follows:
"that sense which enables the person to per
ceive the position and movement of the total
body and of its parts. It is the basis for
balance, both dynamic and static, for knowing
the gradations of effort put into a movement
and for the duplication of movements previ
ously performed."9
Flexibility.— Flexibility is the range of motion of
a particular joint action.

10

Flexibility is used in this

study as a measure of hip flexion, hyperextension of the
spine, and flexion and extension of the ankle.
Arm Strength.— Arm strength "is the power to resist
force"

11

as measured by a hand grip dynamometer.

Percent of Total Body Fat.— Percent of total body
q
French, Esther, Measurement and Evaluation in Physical Education. Dubuque, Iowa: Wm. C. Brown Co., 1959P. 390.
10
Rasch, Philip J. and Burke, Roger K., Kinesiology
and Applied Anatomy. Philadelphia: Lea and Febiger,
T963 . P. "1831---11

Webster's New International Dictionary of the Eng
lish Language. (Second Edition-unabridged),1950P. 301.
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fat is "body tissue with a density of less than 1.0"

15

as opposed to lean body mass measured in the underwater
weighing techniques using Chatillion scales.
Beginning Swimmers.— Beginning swimmers are identi
fied as "persons who have reached youth or adulthood with'
out being able to swim or survive by their own efforts in
deep water."

13

Subjects in this study were enrolled in a

general physical education class in beginning swimming
during the Winter 1977 term at Western Michigan Univer
sity.
Synchronized Swimmers.— Synchronized swimmers are
identified as:
"persons involved in stunt and figure competi
tion and/or routines performed to music demand
ing quality swimming, acute timing, breath
control, co-ordination, and strength. They
express ideas through aquatic m o v e m e n t s . "’'4
Members of the Western Michigan University Aqua Sprites
(synchronized swim club) participated in this study.
Competitive Swimmers.— Competitive swimmers are
identified as "persons in swimming events that include

12
Advanced Aquatic Skills in Synchronized Swimming
Activities. Report of the Workshop on Advanced Aquatic
Skills and Related Activities. Indiana University,
Bloomington, Indiana, 1962. P. 42.
^Torney, John A., Swimming. New York: McGraw Hill
Book Co., 1950. P. 4.
14
Jones, Prances L . , and Lindeman, Joyce I., The
• Components of Synchronized Swimming. Englewood Cliffs,
New Jersey: Prentice-Hall, Inc., 1975- P. 1.
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7
the four basic strokes swum at various distances both as
15
individual and relay races." ^

This investigation

included members from the Women's Intercollegiate Swim
teams from Western Michigan University and Kalamazoo
College.
Delimitations
This study was delimited to female college students
who (1) were attending either Michigan Institutions;
Western Michigan University or Kalamazoo College during
the Winter Semester 1977; (2) were between the ages of
eighteen and twenty-two years; (3) who had no physical
deficiencies that might have affected participation in
the study; and (4) who volunteered to participate in this
study.
Significance of the Study
Very little research has been completed establishing
the physical characteristics of women participants in
various aquatic ability groupings.
are developing at a rapid rate.

Women's athletics

It is hoped, therefore,

that the findings of this study will lead to further

15
Meyers, Carlton R., and Sanford, William H.,
Swimming and Diving Officiating. Palo Alto, California:
National Press Books, 1963. P- 4.
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research in the area of women's participation in aquatic
activities.
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CHAPTER II
REV I M OP LITERATURE
This chapter is devoted to reviewing past studies
related to kinesthesis, flexibility, percent of total
body fat, and arm strength in college women swimmers.
A brief summary of the findings is included at the end
of the chapter.
Kinesthesis
There have been many definitions of kinesthesia or
kinesthesis.

Scott

defined kinesthesis as the

"sense which enables us to determine the
position of segments of the body, their
rate, extent and direction of movement,
and the position of the entire body and
the characteristics of total body motion."
2
Rasch and Burke defined kinesthesia as "the perception
or consciousness of muscular movement and the position of
one's body parts in space."

They further point out that

the data kinesthetic receptors furnish is necessary for
efficient movements and "in combination with the sensory
organs, they enable the body to make the changes in posi'i
Scott, M. Gladys, "Measurement of Kinesthesis."
Research Quarterly, XXVI.(October 1955)) 234.

2

Rasch, Philip J. and Burke, Roger K., Kinesiology
and Applied Anatomy. . Philadelphia: Lea and Pebiger,

w .

pt^tot:

—

9
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tion necessary to maintain balance and to execute body
movements."

According to Scott and French.,

kinesthesis "is the

basis for balance, both dynamic and static, for knowing
the gradations of effort put into a movement, and for

duplicating movements previously performed."

Scott^1-

also stated that:
"kinesthesis is believed to hold at least a
partial answer to the secret of individual
differences in motor accomplishment and
learning rate. It can give the physical
educator a tool with which to instruct and
serve as an aid in understanding, guiding,
and motivating individuals."
The components of kinesthesia are many and most
authors agree that there is no one specific test to meas
ure general kinesthetic sensibility (2,3,4-)•

Bass-'

investigated kinesthetic tests of static balance in
"which the equilibrium is maintained for one position of
the body" and dynamic balance that is "concerned with
keeping one1s equilibrium while in motion or while chang
ing from one balanced position to another."

She devel-

^Scott, M. Gladys, and French, Esther, Measurement
and Evaluation in Physical Education. Dubuque, Iowa:
Wm. C. Brown Co., 1959- P. 390.
^Scott, M. Gladys, "Measurement of Kinesthesis."
Research Quarterly, XXVI ■(October 1955), 234-.
^Bass, Ruth I., "An Analysis of the Components of
Tests of Semicircular■Canal Function and of Static and
Dynamic Balance." Research Quarterly, X (May 1959), 33-

with permission of the copyright owner. Further reproduction prohibited without permission.

oped a Stepping-Stone Test for dynamic balance and a Balance-on-a-Stick test for static balance.

She stated that

"balance is a general kinesthetic response or sensitivity
factor which is probably less used when the eyes are
open."

Later this test was used by Gross and Thompson^

who investigated the relationship of dynamic balance to
speed and ability in swimming.

They obtained a .75

correlation coefficient between the Bass test and speed
in the 30-yard crawl, and a coefficient of .65 with
judges' ratings of nine strokes.

They drew the following

conclusions:
1. In general, individuals who have better
dynamic balance, as determined by the
Bass Test, can swim faster than individ
uals who have poor dynamic balance.
2. Individuals with better swimming ability,
as determined by experts' judgements,
tend to have better dynamic balance than
individuals with poor swimming ability.
3- Dynamic balance, as measured in this
study, was not a chance factor and may
be an important factor in the speed and
ability in swimming.
Scott*7 attempted to establish tests for the measure
ment of kinesthesis.

She measured 100 college women in

Gross, Elmer A., and Thompson, Hugh L . , "Relation
ship of Dynamic Balance to Speed and to Ability in Swim
ming." Research Quarterly, XXVIII (December 1959)? 34-2.
^Scott, M. Gladys, "Measurement of Kinesthesis."
Research Quarterly, XXlhl •(October 1955)? 234-.
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twenty-eight measures of kinesthesis and two of motor
ability.

Her purpose was to analyze the quality of the

test items and the inter-relationship of tests.

Although

the tests were adequate in reliability, no single test was
sufficient to use as a single measure of kinesthesis.

She

concluded that "kinesthesis is composed of a series of
specific functions."
A balance test, two arm positioning tests, and a
O

weight shifting test were combined by Eoloff.

The

resulting correlation of .88 denotes a good battery to
be used to measure kinesthesis for college women.
Many experiments have been conducted trying to find
the relative importance of tests of kinesthesis to various motor tasks and sport skills.

9
Spears' stated that:

"body awareness takes place through kines
thesia or the ability to 'feel1 a body
position or movement. It is essential in
synchronized swimming to be aware of every
part of the body at all times and to uti
lize the body as an expressive tool...some
swimmers do not 'know' or 'feel' when their
feet are out of the water, when their ankles
are flexed or extended, or when their knees
are straight. Space orientation is also an
important aspect of body awareness."

O

Eoloff, Louise L., "Kinesthesis in Eelation to
Learning of Selected Motor Skills." Eesearch Quarterly,
XXIV (May 1953), 210.
9
'Spears, Betty, Fundamentals of Synchronized Swim
ming. Burgess Publishing Co., Minneapolis, Minnesota,
TJ50. P* 8.
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According to Scott,

10

’’precision of perception of move

ment is higher in the small muscles of the hand than in
larger segments.”
Tests of kinesthesis that were most related to per
formance of synchronized swimming stunts were adapted by
Toler

so that they could be administered in the water.

Female college students (34-) with no previous synchro
nized swimming experience were given kinesthetic tests
of arm positioning, leg positioning, and orientation in
space, which were adapted to the water by use of a trans
parent chart of angles suspended over the water.

She

also used a test of balance and tests of flexibility of
the hip and spine.

Following a 16-week course in begin

ning synchronized swimming, student ability was deter
mined by three judges' ratings of skills categorized into
movement patterns and body positions.

Correlations made

between each test of kinesthesis and measures of flexi
bility were not, however, significant enough to be of
predictive value.
In measuring college women of varying swimming abil-

m
York:

Scott, M. Gladys, Analysis of Human Motion.
Appleton-Century Crofts, 19o3. P. 4-TT

11

Toler, Shirley Elaine, "The Relationship of
Selected Measures of Flexibility and Kinesthesis to
Achievement in Synchronized Swimming Stunts." M.S.
thesis, University of Iowa, Iowa City, Iowa,. 197^Abstract .-
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New

14
ities using measurements of kinesthesis for hand and arm
function and sculling ability tests, Fisher12 found no
relationship between measures of kinesthesis and sculling
ability.

However, a correlation between rated sculling

and timed sculling did exist.
13
Stevens ^ attempted to determine if individuals who
were trained in motor movements showed a more highly
developed sense of kinesthesis than those who were
untrained.

She also sought to learn if higher skilled

performers with the same amount of motor training,
showed a higher developed kinesthetic sense than the less
skilled.

She tested forty female physical education

major students and 100 non-major students dividing the
major students into high and low motor ability groups.
The kinesthesis tests she selected were different arm
and leg positioning tests, extent of arm and leg force,
hand force, arm swing, arm precision and pathway through
an arc.

She found that:

"individuals who are trained in motor move
ments or have had more motor experience show
more highly developed kinesthetic sense than
those who are untrained but, when the training

12
Fisher, Donna, "The Relationship of Kinesthesis to
the Hand Action in Sculling." M.A. thesis, University of
Iowa, Iowa City, Iowa, 1971.'- Abstract.
1 -5

-'Stevens, Mildred, "The Measurement of Kinesthesis
in College Women." D.P.E. dissertation, Indiana Univer
sity, Bloomington, Indiana, 1950. Abstract.
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is held constant, more highly skilled in
motor ability do not show a more highly
developed kinesthetic sense."
Steinhaus

emphasized that:

"too much of modern life is limited by two
dimensions. The third dimension comes to
use from muscle and joint senses, i.e., the
proprioceptive system. Too much is just
seeing pictures and reading the printed
page. It is short on muscle and joint expe
rience ."
15
This was supported by Smith
who stated that "man is
capable of fine kinesthetic perception, but he does not
ordinarily attend to the precise feedback, because he is
16
too highly oriented toward external cues." Chew
found
that kinesthetic cues were equally effective as more
familiar visual and verbal cues and stressed the impor
tance of providing information to the subject during the
learning of a skill.

Contrary to previous findings, the

results of Chew’s study support the use of kinesthetic
error feedback in early stages of learning.

Ah

Steinhaus, Arthur H., "Significant Experiences— A
Challenge to Physical Education." Anthology of Contem
porary Readings. Dubuque, Iowa: - Wm. C. Brown Co., "1966.
P. 86.
^^Smith, Judith L., "Kinesthesis: A Model for Move
ment Feedback." New Perspectives of Man in Action.
Englewood Cliffs, New Jersey: Prentice-Hall, 1$6$.
P. 52.
"^Chew, Richard, "Verbal, Visual and Kinesthetic
Error Feedback in Learning of a Simple Motor Task."
Research Quarterly-, (May 1976), 254.
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Flexibility
The specificity of flexibility has been investigated
by several authors (17,18,19,20) and they have all come
to the conclusion that flexibility is very specific to
the different joints of the body.
Cureton

17

stated that:

"tests (of flexibility) do not correlate sig
nificantly 'with each other and are therefore
fairly specific which means that flexibility
is not some general quality which causes all
tests of it to vary alike."
When he investigated flexion and extension of the
wrists and ankles of fifty male college students,
y\o
Dickinson
found all intercorrelations failed to show
significant relationships among the measures.
Specificity of flexibility in girls was investigated
iq
by Hupprich and Sigerseth, J and after administering
twelve tests of flexibility they correlated each measure.
They found a generally low correlation among the measures.
In her factor analysis of flexibility, Harris

20

^Cureton, Thomas K . , "Flexibility As an aspect of
Physical Fitness." Research Quarterly, Xii (May 1941)?
381

.

^8Dickinson, R. V., "Specificity of Flexibility."
Research Quarterly, XXXIX (October 1968), 792.
^Hupprich, Florence L. and Sigerseth, Peter 0.,
"Specificity of Flexibility in Girls." Research Quar
terly, XXI (March 1950), 25.
20
Harris, M. L., "Factor Analytic Study of Flex
ibility." Research Quarterly, XL (March 1969), 62.
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studied two types of flexibility measures:
action and composite joint action.

single joint

She compared 14-7

college women in fifty-three variables; thirty-eight of
which were single joint actions, thirteen composite joint
actions, and two anthropometric measures.

The major con

clusion reached was:
"there is no evidence that flexibility exists
as a single general characteristic of the
human body. Thus no one composite test or
no one joint action measure can give a satis
factory index of the flexibility character
istics of an individual."
21
Scott and French
stated that "flexibility is desir
able only as it contributes toward some other ability or
freer movement."
Several investigations have been made which compare
flexibility and motor skills.

Cureton

22

made investiga

tions which compared the athlete vs. the non-athlete.

In

the sport of swimming, he considered that "a swimmer with
relatively flexible ankles has the possibilities of more
effective force for propulsion on every down beat of the
foot."

He also stated that:

"...in the use of the arms-and shoulders, and

21

Scott, M. Gladys and French, Esther, Measurement
and Evaluation in Physical Education. Dubuque, Iowa:
Wm. C. Brown Co., 1959, P* 311*
22
Cureton, Thomas K., "Flexibility as an Aspect of
Physical Fitness." Research .Quarterly, XII (May 194-1),

.
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chest in respiration, suppleness is a great
asset because the movements may be made
more easily without disturbing the allimportant aspect of body balance, necessary
for minimum resistance. There is no doubt
that better speed and endurance swimming
performances parallel greater flexibility
in the joint: trunk extension, trunk flex
ion, ankles and shoulders."
Cureton tested this hypothesis on Japanese and Amer
ican Olympic swimmers in 1932.

The four Japanese who

broke the world record in the 880-yard relay averaged
31.3°/° better on trunk flexion than the losing American
team.

He also showed that twenty-one Olympic swimmers

were superior on an average to 100 college competitive
swimmers by 11.4# in the ankles and 7*7$ in trunk flexion.
Flexibility in relation to weight, .jumping, perform
ance on an obstacle course, and amount of physical activ23
ity of 130 college women was investigated by McCue.
For the comparisons she used a Leighton Goniometer to
measure twelve different joint movements.

She found that

individuals who had a past history of more activity
tended to be better in trunk flexion, total back and neck
extension, and in ankle flexion and extension.

The supe

rior jumpers and those fastest in the obstacle course had
greater mean flexibility scores in hip flexion and trunk
flexion.

McCue found that hip flexion for underweight

^McCue, Betty, "Flexibility in Relation to Weight,
Jumping and Performance on an Obstacle Course." Research
Quarterly. XXIV (October 1953), 316.
“
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individuals was significantly greater than for overweight
individuals.

She also found that overweight individuals

had significantly greater lumbar extension.
24
Rasch and Burke
stated that "children from ages
10-16 show a generalized pattern of decreasing flexibil25
ity." This was supported by Hupprich and Sigerseth's
study of 300 girls, age 6-18, involving twelve measure
ments of flexibility.

They found

"the evidence indicated clearly that the’ areas
of the girls bodies, for the most part, become
progressively more flexible from childhood to
adolescence and then they become progressively
less flexible after adolescence."
In a test battery to determine if there were differ
ences in trunk, hip, shoulder, and ankle flexibility in
26
springboard divers, gymnasts, and swimmers, Gardiner
used a Leighton Flexometer.

The swimmers were found to

have less hip flexibility than both the gymnasts and
divers.

24
Rasch, Philip J. and Burke, Roger K., Kinesiology
and Applied Anatomy. Philadelphia: Lea and Pebiger,
T§63. P. 38.
^Hupprich, Plorence L. and Sigerseth, Peter 0.,
"Specificity of Flexibility in Girls." Research Quar
terly, XXI (March 1950), 23.
26
Gardiner, J. Bruce, "Differences in Flexibility
Between Selected Springboard Divers, Gymnasts, and Swim
mers." M.S. thesis, Springfield College, Springfield,
Massachusetts, 1972. Abstract.
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Steffens

27
'

studied twenty-five university football

players and concluded that higher values of body fat did
not affect hip flexibility or cardiovascular fitness.
Percent of Total Body Pat
Several methods of evaluating body composition have
been used including height-weight charts, somatotyping,
skinfold tests, and underwater weighing.

Whether one is

testing for the purpose of determining nutritional
states, metabolic activity, or performance factors, the
objective is to analyze the metabolically active and rel
atively inactive constituents of the body.

The method

has evolved into estimates of fat-free body weight (lean
body mass) and the percentage of the body weight that is
fat.

The percent fat is predicted from body density and

the fat-free weight is calculated from this estimate.
A simple and economical measurement of fatness is
the skinfold test.

A double thickness of skin and sub

cutaneous fat is lifted and measured by a caliper.

In

addition to a table for determining "Ideal Body Weights
po

for Women," Sinning

stated that the:

^Steffen, Daniel T., "A Study to Determine the
Relationship of Body Pat to Hip Flexibility and Cardio
vascular Fitness." M.S. thesis, University of Wisconsin,
Madison, Wisconsin, 1972. Abstract.
p o

Sinning, Wayne E., "Estimating Body Pat in Women."
The Journal of Physical Education, (July/August 1974-).

PpT 174-150.
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21
"ideal body weight was computed on the assump
tion that the average value of 23 percent fat
commonly found for college-age women repre
sents a desirable value for all adult women.
It is also assumed that a woman reaches phys
ical maturity at about college age and sub
sequent weight gains are due to fat accumu
lation rather than muscle and bone development.
No ideal weight computations were made for
women who are less than 23 percent fat since
it is felt that as long as a person receives
adequate nutrition and is in good health, it
is not possible to be underweight."
Underwater weighing has been the most widely used
method of determining body density.

Total body volume

is determined by subtracting the weight in water from
the weight in air (Archimedes' principle with an addi
tional correction for the residual air in the lungs and
air passages.

Body density is then the weight in air
p q

divided by the body volume (see Appendix B)).

Zuti

compared hydrostatic weighing with several equations for
estimating body composition and selected anthropometric
measures for determining body density.

He found that

density obtained from underwater weighing had a high
correlation with five of the individual body measure
ments, the height-weight methods, and several of the — —
equations for the estimation of body composition.
Many investigations have sought to determine the

po
'Zuti, William B., "A Comparison of Hydrostatic
Weighing with Other Methods of Determining Body Fat."
M.A. thesis, Lamar State College, Beaumont, Texas, 1971Abstract.
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22
effects that various motor and sport activities have on
30
percent of body fat in individuals. Mayhew and Gross
evaluated the effects of high resistance weight training
on the body composition of seventeen college women and
found significant increases in total body potassium, lean
body mass, flexed biceps and forearm girths, and shoulder
width*resulted from the weight training.

Relative fat

and chest depth were significantly decreased by the
weight training program while skinfold thicknesses and
body weight were unaffected.
The effects of weight training on strength, endur
ance, girth, and body composition in college women were
investigated by Price.

3i

Groups involved in physical

training revealed significant (1)' increases in strength
and muscle endurance, and (2) decreases in all skinfold
measurements, three of seven girth measurements and
present body fat.
Katch^ found that percent fat and lean body weight

Mayhew, <J. L. and Gross, P. M . , "Body Composition
Changes in Young Women with High Resistance Weight Train
ing. " Research Quarterly, XLV (December '1974-), 4-33•
^Price, Sandra, "The Effects of Weight Training on
Strength, Endurance, Girth, and Body Composition in Col
lege Women." M.S. Brigham Young University, Provo, Utah,
1974-. Abstract.
32
Katch, Prank I., McArdle, William, Czula, Roman,
and Pechar, Gary S.,."Maximal Oxygen Intake, Endurance
Running Performance, and Body Composition in College
Women." Research Quarterly, XLIY (October 1973)? 309*
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were related to distance running scores in women.

"There

was a tendency for fatter subjects to have poorer perform
ance scores although body weight was unrelated to how far
a girl would run."
33
Track and field athletes were measured by Pipes^ in
total body weight, lean body weight, fat weight, body
density and relative body fat according to their event.
The lowest value for relative body fat in women was
found in the sprinters.

3.0%

The highest value was in women

shot-putters who had 27 % relative body fat.

Pipes stated

that:
"investigators usually cite the relative body
fat of normal individuals at 1 3 °/° for men and
2 3 % for women.
Changes in body compositions
associated with training programs may include
alterations in total body weight, body fat,
and lean body mass."
He cited that the frequency, intensity, and duration of
training will determine the magnitude of these changes.
Pipes also suggested that body type is a combination of
both genetic and training regimes.
Women basketball players, according to Sinning,
tended to be slightly leaner than.college women in general,

^Pipes, Thomas V., "Body Composition Characteris
tics of Male and Pemale Track and Field Athletes."
Research Quarterly, XLVIII (March 1977)? 244.
^Sinning, Wayne E . , "Body Composition, Cardiorespi
ratory Function, and Rule Changes in Women's Basketball."
Research Quarterly, J L T V (October 1973)? 318.
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although, they were on the average heavier and taller.
Changes in body composition during the competitive season
were small.
35
Brown and Wilmore ^ reported female swimmers fol
lowed champion gymnasts and track runners (both short and
long-distance) in percent of body fat:
"champion gymnasts were found to average 13$
fat, but a low of 9$ was reported for Russian
Olympic competitors. Track sprinters and
runners had a mean of 18$ although reported
values have been as low as 6$ for long dis
tance runners. Swimmers followed with 19$
fat."
A comparison of female gymnasts and swimmers, accord-

ing to Sprynarova and Pariskova,

36

found swimmers having

a greater amount of lean body mass as well as fat.

lege female swimmers (15) were assessed by Wade

37

Col-

for

body composition and skinfolds at the beginning and end
of nine weeks of training.

A significant increase in
—3
body density (1.052-1.054- g.cm. ) resulted in significant

^Brown, C. H. and Wilmore, Jack, "Physical and Phys
iological Profiles of Champion Women Long Distance Run
ners." Paper presented at the American College of Sports
Medicine-Canadian Association of Sports Sciences Meeting,
Toronto, Canada, 1971 • Abstract.

36
Sprynarova, S. and Pariskova, J., "Comparison of
the Punctional, Circulatory, and Respiratory Capacity in
Girl Gymnasts and Swimmers." Journal of Sports Medicine
and Physical Fitness, IX (December 196^7, 165-72.
^Wade, Charles E . , "Effects of a Seasons’ Training
on the Body Composition of Female College Swimmers."
Research Quarterly, XLVTI (May 1967), 292.
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decreases in absolute body fat (12.7-12.1 kg.) and rel
ative fat (20.4— 19.6$).

Skinfolds of the triceps, supra-

iliac, and subscapula also decreased significantly,
suggesting the fat loss was mainly subcutaneous.
Katch^ found no significant changes in body com
position during training of female college-age swimmers
and tennis players.
■59
It was concluded by Bloomfield and Sigersettr ' that
both male and female contemporary distance swimmers have
smaller fat deposits than their predecessors.

They attri

bute the "reduction of fat deposits" to the increased
tempo of interval training and the increased relative
speed of the distance swimmers.

Although plausible,

both the assumption of a reduction and the hypothesis as
to its cause are not substantiated by data.
Grip and Arm Strength

Measures of grip strength have been widely used to
assess the physical performance capability of individuals
and often grip strength is \one factor comprising physical

^^Katch, F. I., Michael, E. D. Jr. and Jones, E. M.,
"Effects of Physical Training on the Body Composition and
Diet of Females." Research Quarterly, XL (March 1969),
99-104-.
^Bloomfield, John and Sigerseth, Peter, "Anatomical
and Physiological Differences Between Sprint and Middle
Distance Swimmers at the University Level." Journal of
Sports Medicine and Physical Fitness, V (March 1$6'5),
76-81 .
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fitness test batteries.

A number of electrical and.

mechanical devices have been used to assess grip strength.
There is evidence to suggest that grip strength scores may
be affected by a number of factors, such as width of the
hand grip, body position of the subject, and type of
device used to measure the grip strength.
Cotten^ studied the T-5 Cable Tensiometer, which is
designated for adjustment to five grip span sizes, to
determine if varying the span settings of the adjustable
grip attachment would affect the grip strength measures
of thirty-six college women.

She also sought to deter

mine an optimum setting for general use in testing.

Her

conclusion was,
"it appeared that an individual will probably
attain very close to her highest strength
reading at the medium-small setting regard
less of her grip size. It is also apparent
that in strength testing it is essential to
use the same span setting each time an indi
vidual's strength is measured. Otherwise,
changes in grip strength may be due to
changes in the setting rather than a training
program."
The Stoelting Hand Grip Dynamometer (mechanical) and
the Linear Voltage Differential Transformer (electrical)
are both used to measure static muscle strength.

In his

Cotten, Doyice J. and Bonnell, Lorraine, "Investi
gation of the T-5 Cable Tensiometer Grip Attachment for
Measuring Strength of College Women." Research Quarterly,
XL (December '1969), 848.
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Z l/j

comparison of the two methods, Heyward

found that max

imal grip strength may be influenced by the type of device
used to assess grip strength.

In comparison with the

LVD1}, the Stoelting Dynamometer registers lower maximal
strength values.

The difference between grip strength

values, as assessed by the two instruments, is greater
for high strength individuals than for low strength indi
viduals.

Therefore differences in instrumentation should

be considered when comparing the strength of a sample to
establish group norms.
Connolly^ tested three groups (slender, average,
and heavy) of college women in arm strength measures and
found that persons of varying body builds perform differ
ently on four selected measures of arm strength.

Total

Cable Tensiometer strength, flexed arm hang, modified
push-ups and pull-ups, do not vary within the slender
build.

The only arm strength measure significantly

related to total Cable Tensiometer strength is the flexed
arm hang for the average build.

lla

Heyward, Vivian, McKeown, Barry and Geeseman,
Ralph, "Comparison of the Stoelting Hand Grip Dynamometer
and Linear Voltage Differential Transformer for Measuring
Maximal Grip Strength." Research Quarterly, XLVI (May
1975), 262.
42
Connolly, Maureen L . , "A Comparison of the Effect
of Body Build on Selected. Tests of Arm Strength Among
College Women." M.S. thesis, University of North
Carolina, Chapel Hill, North Carolina. Abstract.
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A parallel between grip strength and temperature was
11.7.

indicated in Wright’s ^ studies.

There was a marked

increase in strength of grip from 6:00 a.m. to 9:00 or
10:00 a.m.; and then a gradual decrease until 1:00 p.m.
and a great decrease at night.

She stated that, "the

results of this study suggest that diurnal variation of
grip is a manifestation of a fundamental body rhythm and
is paralleled to some extent by variation of temperature."
> \ h

Montoye and lamphiear

investigated more than 6,000

people, age 10-69, in a total community (Tecumseh, Mich
igan) who were given grip and arm strength tests.

Grip

strength was measured with an adjustable Stoelting Grip
Dynamometer.

The best of two scores was taken.

The

results showed that from ages twenty to fifty, there is
little decrease in absolute grip strength, arm strength
or strength index.

Peak strength for females was in the

mid-twenties.
Summary
Kinesthesis is a sense which enables the human to
"feel" his or her body position, muscle movement, balance

^Wright, Verna, "Factors Influencing Diurnal Varia
tion of Strength of Grip." Research Quarterly, XXX
(March 1959), 110.
44
Montoye, Henry J. and Lamphiear, Donald E . , "Grip
and Arm Strength in Males and Females, Age 10 to 69."
Research Quarterly, X1VIII (March 1977), 109.
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and orientation in space.
thetic sensibility.
the water.

No one test can measure kines

Tests have been adapted for use in

Correlations made between each test of kines-

thesis and measures of flexibility have not been of pre
dictive value.

Individuals with more experience in motor

movements show more highly developed kinesthetic sense.
We have failed to develop kinesthetic sense to its poten
tial as we rely often on visual and aural cues instead.
Flexibility is specific to the different joints of
the body and thus flexibility does not exist as a single
general characteristic of the body.

Swimming ability

(speed and endurance) seems to be positively correlated
with flexibility in the trunk (flexion and extension),
ankles, and shoulders.

Flexibility increases until

puberty and then gradually decreases.
The average percent of body fat in college age women
is about 23%.

Female swimmers tend to have more density

and a percent fat ratio of around 19°/° 011 the average.
Underwater weighing is an accurate technique of estimating
lean body mass against fat content in the body.

Weight

training and athletic participation tend to decrease the
amount of body fat in individuals.

Women athletes may

achieve lower percents of body fat as their training
programs become more intense and demanding.
Grip strength is often used as an indicator of per-

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

formance capability.

There have been studies which inves

tigate the equipment used in grip testing.

Grip strength

may be affected by body build, temperature, time of day,
and age factors.

There are no set norms for grip

strengths and virtually no studies which relate grip
strength to overall performance, specifically swimming.
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CHAPTER III
DESIGN AND METHODOLOGY
This chapter contains four sections:

(1) the general

procedures adopted to collect the data; (2) description
of the subjects; (3) instrumentation and method of admin
istering the tests; and (4) an explanation of data anal
ysis.
General Procedures
This study was designed to compare three groups of
college age, female aquatic participants; beginning,
competitive (speed), and synchronized swimmers.

All of

the participants were volunteers from one of two Mich
igan Colleges; Western Michigan University and Kalamazoo
College.
The testing took place on two consecutive Monday
nights during March 1977 between 6:30 and 9:30 p.m. at
the Western Michigan University Gary Center Pool.

Two

staff members and five upperclassmen aided in the testing.
They received previous instructions on how to administer
one particular test and each remained at the same station
throughout the entire testing.

All of the students fol

lowed the same sequence when participating as measure
ments were taken at six stations in the following order:

31
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1.

✓j
Underwater (hydrostatic) Weighing

2.

a. height
b. weight
c. vital capacity
2
Hand Grip Test

3.

5.

Wells Modified Sit and Reach Test
h.
Bridge-up Test
5
Left Arm Positioning Test"^

6.

Right Leg Positioning Test^

7.

Right Ankle Flexibility Test^

8.

Left Ankle Flexibility Test^

4.

1

Shaver, Larry G., Experiments in Physiology of
Exercise. Minneapolis, Minnesota: Burgess Publishing
Co., '1973. F. 75.
2
Neilson, N. P. and Jensen, Clayne R . , Measurement
and Statistics in Physical Education. Belmont, Califor
nia: Wadsworth Publishing Co., 1972. P. 148.
Johnson, Barry L. and Nelson, Jack K., Practical
Measurements for Evaluation in Physical Education.
Minneapolis, Minnesota: Burgess Publishing Co., 1974.
Pp. 70-74.
4

-,
loc. cit., p. 73*

^Toler, Elaine, "The Relationship of Selected Meas
ures of Flexibility and Kinesthesis to Achievement in
Synchronized Swimming Stunts." M.S. thesis, University
of Iowa, Iowa City, Iowa, 1971* Abstract.
^ibid.
7
' Johnson, op. cit., p. 76
^ibid.
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Subjects
The beginning swimmers were members of a general
physical education class for beginning swimming at Western
Michigan University during Winter semester, 1.977*

The

synchronized swimmers were all members of Western Michigan
University's Aqua Sprites-the synchronized swim club.

The

competitive (speed) swimmers were members of Women's
Intercollegiate Swim Teams from both Western Michigan Uni
versity and Kalamazoo College.

All of the subjects were

females of college age, between eighteen and twenty-two
years.
From three separate pools of volunteers representing
beginning, synchronized, and competitive (speed) swim
mers, ten subjects from each pool were randomly selected
for participation in the measurement situation.
Instrumentation
The purpose of this study was to compare the three
groups of swimmers in measurements of flexibility, arm
strength, kinesthesis, and percent of total body fat.
The following tests were selected to measure each area:
Flexibility Tests
The flexibility tests selected were specific to
three areas of the body:

hip flexion, back hyperexten-

sion, and ankle flexion and extension.

Johnson and

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Nelson^ include these three test items in a battery con
taining several flexibility measurements.
ified Sit and Beach Test

10

The Wells Mod-

measures flexion of the hip

and back as well as elasticity of the hamstring muscles.
The Bridge-up

11

measures hyperextension of the spine, and

the Average Ankle Flexibility Test

12

measures the ability

to flex and extend the ankle.
Arm Strength was measured with Ueilson and Jensen's
Hand Grip T e s t . ^
Ed tiesthe sis was measured with Toler's Left Arm Positioning and Right Leg Positioning Tests.

14

Percent of Total Body Pat was measured using the
Underwater (hydrostatic) Weighing technique.

15

q
^Johnson, loc. cit., pp. 70-8710
11

12

loc. cit., p. 71•
loc. cit., p. 73loc. cit., p. 76.

13
^Neilson, op. cit.
14Toler, op. cit.

15
^Shaver, op. cit., p. 76.
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TABLE 1.

A Summary of Test Items and Characteristics
Measured

1.

Underwater Weighing

Percent of Total Body Pat

2.

Hand Grip Test

Arm and Grip Strength

3.

Wells Modified Sit
and Reach Test

Flexion of the Hip and
Back and elasticity of
the hamstring muscles

4.

Bridge-up Test

Hyperextension of the Spine

3.

Left Arm Positioning

Kinesthesis

6.

Right Leg Positioning

Kinesthesis

7.

Average Right Ankle
Flexibility

Ankle Flexibility

8.

Average Left Ankle
Flexibility

Ankle Flexibility

Test item 1--Underwater Weighing (Figures 1 and 2)
Equipment.— Chatillion scales, physician's scales,
and Propper spirometer (see Appendix A), weight belt,
nose clip, scale support frame, and scale "T" bar.
Procedures.— (1) The subject was weighed in a swim
suit on a physician's scales.
(2) Measure of Vital Capacity was taken
with the Propper spirometer. The
best effort of three trials was
used as the score.
(3) The weighing apparatus was assembled
on the diving board in the swimming
pool prior to the test session,
i.e. support frame, "T" bar, and
scales.
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>* »

Fig. 1

1

Physician's scale, Propper
spirometer and Chatillion
scale

Fig. 2

Subject prepared to immerse
for underwater weighing
VN
O '!

(4) The weight belt and "T" bar are
attached to the scale and weighed
prior to the testing.
(5) The weight belt is placed around
the subject’s waist.
(6) The subject enters the pool and
straddles the bar.
(7) The "T" bar is adjusted so that the
subject's mouth and nose are above
the water line as she sits on the
bar.
(8) Rose clips (plugs) are placed on
the subject's nose.
(9) The subject takes a deep breath and
then bows her head so that the body
is completely immersed in the pool.
(10) The subject then exhales as much air
as possible underwater. After
exhaling completely, the subject
continues to hold.
(11) The scales are read after the sub
ject has exhaled completely and the
scale needle settles down.
(12) The procedure was repeated five
times for each subject.
The formulas used to compute vital capacity and per
cent of total body fat are located in Appendix 33.
Test item 2— Hand Grip Test (Figures 3 and 4-)
Equipment.— A Lafayette Hand Grip dynamometer was
used (see Appendix A).
Procedure.— The student places the grip dynamometer
in the palm of her right hand (with the dial toward the
palm) so that the convex edge is between the first and

Reproduced with permission o f the copyright owner. Further reproduction prohibited without permission.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

second joints of the fingers and the rounded edge is
against the base of the hand.

She bends her elbow

slightly and raises arm upward; she then moves arm for
ward and downward, gripping with maximum force.

At the

same time, she is careful not to touch her body or any
object.

The subject then repeats the test using the

left hand.
Scoring.— Each subject had two trials with each hand.
The better of the grips was recorded in kilograms.
Test item 3— Wells Modified Sit and Reach Test (Figures 5
and 6)
Equipment.— A Preston Shoulder Breadth Caliper was
used (see Appendix A).
Procedure.— The shoulder breadth caliper is placed
on a bench which is firmly against the wall.

The subject

assumes a sitting position with legs extended along the
floor so that the caliper is centered outward from the
legs.

The subject's heels should line up with the near

edge of the 1-inch mark and not more than 5 inches apart.
The subject then bobs forward three times and on the
fourth bob pushes the ruler, with the fingertips of both
hands, forward as far as possible.
Scoring.— The score is indicated at the farthest
point where the near side of the ruler is lined up as a
result of the push with the fingertips.

The best measure
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Fig.

5

Preston shoulder
breadth caliper

Pig* 0

Wells

modified sit
reach test

and
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of three trials is recorded to the nearest quarter inch.
Note:

An assistant must he used to press against the

subject's knees to ensure that they do not bend during the
reach forward.

The reach forward must be a steady reach.

Jerking forward or quick pushing action against the ruler
is not allowed.

Test item 4— Bridge-up Test (Figures 7 and 8)
Equipment.— A yardstick is the only equipment nec
essary.
Procedure.— The subject places the toes of her feet
against the base of a wall.

The tester places the zero

end of the yardstick against the subject's heel.

The

subject sits down and assumes a supine position over the
yardstick.

From the supine position on the floor, with

knees bent, feet flat on the floor, and hands on the
floor with the thumbs next to the ears, the subject
raises the hips, and walks with the hands as close to the
heels as possible and then hesitates at that point.
Scoring.— When the performer hesitates in the hyper
extended position, the tester quickly reads the distance
between the subject's fingertips and heels.

The score is

the distance noted to the nearest quarter inch.
shorter distance is the better score.

The

Three trials are

allowed with the best trial used as the score.

Note:

Be certain the subject keeps her heels (and feet) flat on
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Pig. 7

Pig. 8

Bridge-up test for tack
hyperextension

Bridge-up test for back
hyper extension.
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the floor as she walks her hands toward the heels.

If

the subject is too weak to lift her head and back off the
floor, the head and hands may be used for support and the
measurement made to the fingertips.

A piece of chalk

should be used to mark the fingertips' line when the sub
ject cannot reach the 36-inch mark.

The measurement in

inches is then taken from the heels to the chalkmark.
Test item 5.— Left Arm Positioning-33 degrees (Pigures 9,
10 and 11)
Equipment.— A plastic-coated chart showing a stick
figure with the left arm raised to a 55-d.egree angle, a
4-foot by 8-foot transparent protractor chart of angles
(see Appendix A) suspended six inches above the water, a
plastic "egg" type flotation, and a blindfold.
Procedure.— The subject, who is wearing the flota
tion device on her abdomen, is held in a floating posi
tion on her back with the axis of the shoulder under the
center of the chart of angles.

She is shown a stick fig

ure with the arm abducted 55-(3-egi“ees.

The subject then

is blindfolded and instructed to abduct her arm, keeping
the palm down and on the surface of the water, until it
is in the same position as the figure.

The subject

indicates by voice when she feels she is in the correct
position.

The leading edge of the wrist is used to

measure the nearest angle as seen through the transparent
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Transparent chart of angles
(protractor) for use in
tests of kinesthesis
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Fig. 10

Fig. 11

Kinesthesis arm positioning test

Kinesthesis arm positioning test
with recorder
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chart.
Scoring.— The scorer stands above the chart and
marks where the leading edge of the wrist is when the
subject indicates her position by voice.
repeats the test three times.

The subject

The score is the sum of

deviations from 55-<3.eg;cees*
Test item 6— Right Leg Positioning (Pigure 12)
Equipment.— A plastic-coated chart showing a stick
figure with the right leg raised 35-degrees, a 4 by 8
foot transparent chart of angles suspended six inches
above the water (see Appendix A), plastic "egg” flotation
device, and a blindfold.
Procedure.— The subject, who is wearing the "egg"
flotation device on her right side, is held in a floating
position on her left side with her right hip under the
axis in the chart of angles.

She is shown a stick figure

with the leg flexed to 35-<iegPees*

The subject is then

blindfolded and instructed to flex her leg, keeping it on
the surface of the water, until she thinks it is in the
same position as the stick figure.

The subject indicates

by voice when she feels she has reached the correct posi
tion.

The leading edge of the ankle was used to deter

mine the nearest degree.
Scoring.— The scorer stands above the protractor and
records the score when the subject indicates by voice that
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Pig. 12

Kinesthesis leg positioning test
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she is in position.

The subject repeats the test three

times and the score is the sum of the deviation from

Test item 7— Average Ankle Flexibility (Figures 13 and 14)
Equipment.— Thirty cardboard squares (18" by 18"),
long pencils, a ruler, and a protractor.
Procedures.— The subject sits on the floor with the
back of the knee touching the floor.

Keeping the heel

stationary, she dorsi-flexes the foot as far as possible.
The tester traces the outline of the foot (keeping the
pencil horizontal) from just above the ankle to just
beyond the big toe on a sheet of cardboard placed at the
side of the foot.

The subject then extends (plantar-

flexes) the foot as far as possible, and the outline is
again traced on the same sheet of cardboard.

The angle

of each of the lines from the horizontal is measured with
a protractor.
Scoring.— The score is the measurement in degrees
taken from the protractor for each foot.

(The left and

right feet are drawn on opposite sides of the cardboard.)
An average score for the feet is then figured.
Method of Instruction
Each item was explained to the subjects, verbally,
at each station of the test.

In addition, direction
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Fig. 13

Fig. 14

Left ankle flexibility test
ankle extension

Left ankle flexibility test
ankle flexion
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charts were also posted for the subjects to read.

The

investigator made comments only to correct a subject when
any of the rules was being violated.

No words of encour

agement or discouragement were used.
Experimental Design and Statistical Analysis
The data were analyzed at the computer center of
Western Michigan University.

The raw scores of each test

item were coded by different characteristics (variables)
to enable the investigator to separate, the data for the
purpose of comparison.
A research design similar to one described by Weber
and Lamb as a "single variable manipulated, one observation per subj'ect for R>2 groups"
study.

16

was selected for the

The variation in aquatic experience; beginning,

competitive (speed), and synchronized, of the three groups
represented the independent variable in this descriptive
study.

The measured characteristics; arm strength, flex

ibility, kinesthesis, and body composition (percent of
total body fat), represented the dependent variables.
The design was replicated for each dependent variable
measured.

Table 2 is an example of the design used to

determine the significance of arm strength as a factor in

^^Weber, Jerome C. and Lamb, David R . , Statistics
and Research in Physical Education. St. Louis: C. V.
Mosby Co., 1970. P. 104.
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aquatic experience.
TABLE 2.

Experimental Design for the Analysis of Arm
Strength Measures (X^)

Beginning

Competitive (speed)

Synchronized

xn

X 21

X31

*12

X22

xj2

X1?

X23

X33

X1n

X2n

X3n

The one way fixed affects, randomized groups, anal
ysis of variance technique was used to test the null
hypothesis concerning the mean performances of the three
groups in the measured dependent variables.

The five

percent level of confidence was selected to determine the
significance of the computed E statistic.
The AITOVA technique is based upon a number of basic
assumptions which must be met to ensure its validity.
The assumptions are:
1. That the selection of subjects was random and
independent.
2. The dependent variable was measured on the
interval scale.
3. The population from which the samples were
drawn was random.
4. That homogeneity of variance was evident.
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In this study, the assumption of randomness and
independence was controlled by the process by which
subjects were selected for participation.

All subjects

were randomly selected from pools of volunteers.
By inspection it was determined that all data were
collected on the interval scale and were normal in dis
tribution.
The assumption of homogeneity of variance was deter17
mined statistically utilizing Hartley's H ld X statistic.
If the analysis of variance of a dependent variable
proved significant at the .05 level of confidence, the
Newman-Keuls technique for the multiple comparisons of
more than two means was used to determine which group
means were different from each other.

"18

17
rWiner, B. J., Statistical Principles in Exper
imental Design. New York: McGraw Hill Book Co,- ,1971 •

PpT^5-2Hth
AO

Dotson, Charles 0. and Kirkendall, Don R., Statis
tics for Physical Education, Health and Recreation! New
York: Harper and Row, 1$74-. Pp. 243-246.
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CHAPTER IV
ANALYSIS AND INTERPRETATION OP DATA
The main purpose of this study was to determine if
any significant differences existed between college age,
female, beginning, competitive (speed), and synchronized
swimmers in measures of arm strength, flexibility, kines
thesis, and percent of total body fat.

Specifically, the

investigation compared the performance of beginning,
competitive (speed), and synchronized swimmers in the
A

following test items:

(1) Underwater Weighing (percent
2
of total body fat); (2) Hand Grip Test (arm strength);
(3) Wells Modified Sit and Reach Test^ (hip and trunk

flexion); (4) Bridge-up^ (hyperextension of the back);

-i
Shaver, Larry G., Experiments in Physiology of
Exercise. Minneapolis, Minnesota: Burgess Publishing
Co"., 1973. P. 75.
2
Neilson, N. P. and Jensen, Clayne R . , Measurement
and Statistics in Physical Education. Belmont, Califor
nia: Wadsworth Publishing Co., 197^. P. 148.
^Johnson, Barry L. and Nelson, Jack K., Practical
Measurements for Evaluation in Physical Education.
Minneapolis, Minnesota: Burgess Publishing Co., 1974.
Pp. 70-74.
IL

loc. cit., p. 73-

55
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(5) Arm Positioning^ (kinesthesis); (6) Leg Positioning^
(kinesthesis); (7) Right Ankle Flexibility"'7 (average
g
ankle flexibility); (8) Left Ankle Flexibility (average
ankle flexibility).
The data collected in this study were analyzed and
comparisons were made.

The one-way, fixed affects, ran

domized groups, analysis of variance technique was used
to test the null hypothesis concerning the mean perform
ances of the three groups.

The assumption of homogeneity

of variance was determined statistically utilizing
q
Hartley's Fmax statistic.
If the analysis of variance
of a dependent variable proved significant at the .05
level of confidence, the Newman-Keuls

10

technique for

the multiple comparison of more than two means was used
to determine which group means were different from each

^Toler, Elaine, "The Relationship of Selected Meas
ures of Flexibility and Kinesthesis to Achievement in
Synchronized Swimming Stunts." M.S. thesis, University
of Iowa, Iowa City, Iowa, 197^* Abstract.
^ibid.
7
'Johnson, op. cit., p. 76.
^ibid.
q
Winer, B. J., Statistical Principles in Experimental Design. New York: McGraw Hill Book Co., 197'!•
Pp. 205-510.
10
Dotson, Charles 0. and Kirkendall, Don R . , Statis
tics for Physical Education, Health and Recreation. New
York: Harper and Row, Publishers, 1974. Pp. 243-246.
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other.
The results of these analyses are presented below,
in the order the tests were administered, with tables and
discussions.
The Analysis of Percent of Total Body Pat
Underwater Weighing Technique
The beginning, competitive (speed), and synchronized
swimmers were tested for percent of total body fat using
the Underwater Weighing technique.

11

Table 3 presents

the groups, sample sizes, means, standard deviations, and
variances utilized to evaluate percent of body fat.
TABLE 3.

Summary of the Performance of Beginning, Com
petitive (speed), and Synchronized Swimmers
__________________ in Percent of Total Body Pat__________
U

X

S.D.

Variance

Beginning

10

28.33

7.572

57-342

Competitive
(speed)

10

21.75

4.555

20.564

Synchronized

10

25.58

6.677

44-.576

Groups

As was previously stated, it is necessary to deter
mine whether the data meet the assumption underlying the
analysis of variance technique.

Hartley's Pmax statistic,

Shaver, op. cit.
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suggested by Winer,
variance.

12

was used to test for homogeneity of

The results of the test for homogeneity of

variance are presented in Table 4.
TABLE 4.

Summary of Hartley's Test for Homogeneity of
Variance for Percent of Body Eat Measures
Mean squares
Sums of
d.f.
Treatment
variance
squares
groups
Beginning

9

516.07

57.342

Competitive
(speed)

9

185-07

20.564

Synchronized

9

401.183

computed

44.576
2.788

required

5.340

E
E

max
max

*

The null hypothesis that the group variances were
equal was tested.

With nine degrees of freedom involving

the comparison of three variances, an E LLLc La. of 5-34 was
required for significance at the five percent level of
confidence.

An F
of 5•34 or greater would occur by
max

chance alone only five percent of the time.

Since the

computed Emax was 2.788, no evidence for rejecting the
null hypothesis was provided.
No evidence was found that indicated the basic
assumption for the analysis of variance had not been met.
The null hypothesis that the group means were from
a common population was tested.

The results of that

iner, op. cit.
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analysis are presented in Table 5TABEE 5*

Analysis of Variance of the Percent of Total
Body Fat Score of Beginning, Competitive
___________ (speed), and Synchronized Pemale Swimmers
Source of
variation

Sums of
squares

d.f.

Between

218.24-0

2

1102.334-

27

Within

Mean
squares

p*

109.1

2.673

4-0.83

Total
29
1320.573
*
P required at 5$ level equals 3-35With 2 and 27 degrees of freedom, an

F

of 3*35 op

larger was required for significance at the five percent
level

of

confidence.

Since

the computed

F

was 2.673? uo

evidence was provided to reject the null hypothesis.
Thus the data provided no evidence that the percent total
body fat of the three groups differed significantly.
(Although a difference did exist, as shown by the means,
a statistically significant difference did not exist.
The Analysis of Arm Strength Scores
Hand Grip Test
The beginning, competitive (speed), and synchronized
swimmers were tested for arm strength utilizing a Hand
Grip Dynamometer.

13

Table 5 presents the groups, sample

size, means, standard deviations, and variances utilized

13
•'mfeilson, op. cit.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

to evaluate arm strength, performance.
TABIE 6.

Summary of the Performance of Beginning, Com
petitive (speed), and Synchronized Swimmers
________________________ in Arm Strength_______________
N

X

S.D.

Variance

Beginning

10

30.10

4.982

24.822

Competitive
(speed)'

10

33.i3

5.207

27.114

Synchronized

10

29.30

4.436

19-677

Groups

As was previously stated, it is necessary to deter
mine whether the data meet the assumption underlying
the analysis of variance technique. Hartley's Pmax sta14
tistic, suggested by Winer,
was used to test homogene
ity of variance.

The results of the test for homogeneity

of variance are presented in Table 7TABLE 7*

Summary of Hartley's Test for Homogeneity of
Variance for the Arm Strength Measures
Mean squares
d.f.
Sums of
Treatment
( variance)
squares
groups

Beginning

9

223.399

24.822

Competitive
(speed)

9

244.025

27.114

Synchronized

9

177.099

19.677
1.378
5-340

Pmax 00mPuted
P
required
max

14
Winer, op. cit.
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The null hypothesis that the group variances were
equal was tested.

With nine degrees of freedom involving

the comparison of three variances, an Fmax of 5*34- was
required for significance at the five percent level of
confidence.

An 3*

of 5«34- or greater would occur by

chance alone only five percent of the time.
computed 3^

Since the

was 1.378, no evidence for rejecting the

null hypothesis was provided.
No evidence was found that indicated the basic
assumptions for the analysis of variance had not been
met.
The null hypothesis that the group means were from a
common population was tested.

The results of that anal

ysis are presented in Table 8.
TABLE 8.

Analysis of Variance of the Arm Strength Score
of Beginner, Competitive (speed;,
________________ and Synchronized Female Swimmers_______
Mean
Source of
Sums of
d.f.
squares
variation
squares
F*
82.550

2

41.28

Within

644.525

27

23.87

Total

727.075

29

Between

1.729

............ T -----------

F required at 5% level equals 3-35
With 2 and 27 degrees of freedom, an F of 3-35 or
larger was required for significance at the five percent
level of confidence.

Since the computed F was 1.729, no
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evidence was provided to reject the null hypothesis.
Thus the data provided no evidence that the mean arm
strength of the three groups differed significantly.
The Analysis of Hip and Trunk Flexion
Wells Modified Sit and Reach Test
The beginning, competitive (speed), and synchronized
swimmers were tested for hip and trunk flexibility using
the Wells Modified Sit and Reach Test.^

Table 9 pre

sents the groups, sample sizes, means, standard devia
tions, and variances utilized to evaluate hip and trunk
flexion.
TABLE 9-

Summary of the Performance of Beginning, Com
petitive (speed), and Synchronized Swimmers
in Hip and Trunk Flexion

Groups

N

X

S.D.

Variance

Beginning

10

5.775

1.511

2.284

Competitive
(speed)

10

8.900

1.444

2.086

Synchronized

10

6.700

1-756

3.081

As was previously stated, it is necessary to deter
mine whether the data meet the assumption underlying the
analysis of variance technique.

Hartley's F

msLX

statistic,

suggested by W iner,^ was used to test for homogeneity of

^Johnson, op. cit.
^^Winer, op. cit.
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variance.

The results of the test for homogeneity of

variance are presented in Table 10.
TABLE 10.

Summary of Hartley's Test for Homogeneity of
Variance for the Hip and Trunk
Flexion Measures
d.f

Treatment
groups

Sums of
squares

Mean squares
(variance)

Beginning

9

20.556

2.284

Competitive
(speed)

9

18.775

2.086

Synchronized

9

27.725

3.081

F
computed
max
x
Fm„_
required
max

1.477
5.34

The null hypothesis that the group variances were
equal was tested.

With nine degrees of freedom involving

the comparison of three variances, an

of 5*34 was

required for significance at the five percent level of
confidence.

An

of 5*34 or greater would occur by

chance alone only five percent of the time.

Since the

computed Fmax: was 1.47,7 no evidence for rejecting
u
° the
null hypothesis was provided.
No evidence was found that indicated the basic
assumption for the analysis of variance had not been
met.
The null hypothesis that the group means were from a
common population was tested.

The results of that anal

ysis are presented in Table 11.
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TABLE 11.

Analysis of Variance of the Hip and Trunk
Flexion Score of Beginning, Competitive
______ (speed), and Synchronized Female Swimmers
.
Sums of
Source of
Mean
d.f.
variation
squares
squares
F
Between

31.5373

2

Within

67.0562

27

25.77

10.38*

2.484

Total
118.5938
29
*
Significant at the -.05 level of confidence.
With 2 and 27 degrees of freedom, an F of 5-35 or
larger was required for significance at the five percent
level of confidence.

Since the computed F was 10.38, the

hypothesis that the means were from a common population
was rejected at the five percent level of confidence.
Since the group means were not from a common population of means, the Newman-Keuls test

17

was applied to all

groups means to determine which means were significantly
different from the other group means.

The results of the

t

multiple range test on the group means for hip and trunk
flexion are presented in Table 12.

17
'Dotson, op. cit.
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TABLE 12.

Newman-Keuls Test for Comparing the Means of
Beginning, Competitive (speed), and
__________________ Synchronized Female Swimmers________
Means

Beginning

Synchronized

3.775

6.700

Beginning

Competitive
(speed)
8.900

.925

Synchronized

Shortest
significant
ranges*

3.125*

R2=1.74-93

2.200*

R5=1.44-78

*Ranges for the .05 level of confidence •
In terms of hip and trunk flexion measured by the
Well's Modified Sit and Beach test, the mean performances
of the competitive (speed) swimming group were signif
icantly different from both the beginning and the synchro
nized groups.

However, the synchronized swimmers proved

not to be significantly different from.the beginning
swimmers.
The Analysis of Hyperextension of the Back
Bridge-up Test
The beginning, competitive (speed), and synchronized
swimmers were tested for back hyperextension using
y\o
Johnson and Nelson's Bridge-up test.
Table 13 presents
the groups, sample sizes, means, standard deviations,
and variances utilized to evaluate back hyperextension.

Johnson, loc. cit., p. 73.
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TABLE 13-

Summary of the Performance of Beginning, Com
petitive (speed), and Synchronized Swimmers
______________________ in Back Hyperextension___________
Groups

N

X

S.D.

Variance

Beginning

10

25-83

4.067

16.542

Competitive
(speed)

10

18.88

6.596

44.837

Synchronized

10

18.15

4.919

24.197

As was previously stated, it is necessary to determine whether the data meet the assumption underlying the
analysis of variance technique.
suggested by Winer,
variance.

19

Hartley's Pmax statistic,

was used to test for homogeneity of

The results of the test for homogeneity of

variance are presented in Table 14.
TABLE 14.

Summary of Hartley's Test for Homogeneity of
Variance for the Back Hyperextension Measures

Treatment
groups

d.f.

Sums of
squares

Beginning

9

148.881

16.542

Competitive
(speed)

9

403.531

44.837

Synchronized

9

217-775

24.197
2 7 ? T0“ '
5-340

P
E

max
max

computed
*

required

Mean squares
(variance)

""

19
Winer, op. cit.
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The null hypothesis that the group variances were
equal was tested.

With nine degrees of freedom involving

the comparison of three variances, an Fmax of 5*34- was
required for significance at the five percent level of
confidence.

An Emax of 5*34- or greater would occur by

chance alone only five percent of the time.

Since the

computed Emax was 2.740, no evidence for rejecting the
null hypothesis was provided.
No evidence was found that indicated the basic
assumptions for the analysis of variance had not been
met.
The null hypothesis that the group means were from a
common population was tested.

The results of that anal

ysis are presented in Table 4 5*
TABLE 45.

Analysis of Variance of the Hyperextension of
the Back Score of Beginning, Competitive
_____________ (speed), and Synchronized Female Swimmers
Source of
variation

Sums of
squares

Between

559.442

2

Within

770.487

27

4429-300

29

Total
.... *

d.f.

Mean
squares
479.6

E
6.295*

28.53

Significant at the .05 level of confidence.

With 2 and 27 degrees of freedom, an E of 5*35 ca*
larger was required for significance at the five percent
level of confidence.

Since the computed E was 6.295? the
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hypothesis that the means were from a common population
was rejected at the five percent level of confidence.
Since the group means were not from a common population of means, the Newman-Keuls test

20 was applied to all

group means to determine which means were significantly
different from the other group means.

The results of the

multiple range test on the group means for back hyper
extension are presented in Table 16.
TABLE 16.

Means

Newman-Keuls Test for Comparing the Means of
Beginning, Competitive (speed), and

Synchronized

Competitive
(speed)

18.15
Synchronized
Competitive (speed)

18.88
.73

Beginning
25.83

Shortest
significant
ranges*

7.68*

R2=5.9286

6.95*

r ^=4-.9065

*Ranges for the .05 level of confidence.
In terms of back hyperextension measured by the
Bridge-up test, the mean performances of the beginning
swimming group was significantly different from both syn
chronized and competitive (speed) groups.

However, the

synchronized swimmers proved not to be significantly
different from the competitive (speed) swimmers.

20Dotson, op. cit.
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The Analysis of Kinesthesis
Arm Positioning Test
The beginning, competitive (speed), and synchronized
swimmers were tested for kinesthesis using Toler’s Arm
Positioning test.

21

Table 17 presents the groups, sample

sizes, means, standard deviations, and variances utilized
to evaluate kinesthesis arm positioning performance.
TABLE 17.

Summary of the Performance of Beginning, Com
petitive (speed), and Synchronized Swimmers
__________________ in Kinesthesis Arm Positioning_______
Groups

H

X

S.D.

Variance

Beginning

10

49.00

7.379

54.4 H

10

54.50

4.578

19-167

10

54.00

8.756

76.667

Competitive
(speed)

•

Synchronized

As was previously stated, it is necessary to deter
mine whether the data meet the assumption underlying the
analysis of variance technique.
suggested by Winer,
variance.

Hartley's Pmax statistic,

22 was used to test for homogeneity of

The results of the test for homogeneity of

variance are presented in Table 18.

21

Toler, op. cit.

22winer, op. cit.
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TABLE 18.

Summary of Hartley's Test for Homogeneity of
Variance for the Kinesthesis
____________________ Arm Positioning Measures__________
Sums of
d.f.
Mean squares
Treatment
(variance)
squares
groups
Beginning

9

490.000

54.444

Competitive
(speed)

9

172.499

19.167

Synchronized

9

689.999

76.667
4. OOO

E

max

computed
*

E

required
max
^

5*34-0

The null hypothesis that the group variances were
equal was tested.

With nine degrees of freedom involving

the comparison of three variances, an

of 5»34 was

required for significance at the five percent level of
confidence.

An E
of 5-34- or greater would occur "by
max
chance alone only five percent of the time. Since the
computed F

was 4-.0, no evidence for rejecting the

null hypothesis was provided.
No evidence was found that indicated the basic
assumptions for the analysis of variance had not been
met.
The null hypothesis that the group means were from a
common population was tested.

The results of that anal

ysis are presented in Table 19-
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TABLE 19.

Analysis of Variance of Kinesthesis Arm Posi
tioning Score of Beginning, Competitive
(speed), and Synchronized Female Swimmers

Source of
variation

Sums of
squares

d.f.

Mean
squares

Between

183.000

2

92.50

Within

1352.500

27

50.09

Total

1537.500

29

p*
1.847

P required- at 5$ level equals 3*35.
With 2 and 27 degrees of freedom, an P of 3*35 or
larger was required for significance at the five percent
level of confidence.

Since the computed P was 1.847, no

evidence was provided to reject the null hypothesis.
Thus the data provided no evidence that the mean kines
thesis in arm positioning of the three groups differed
significantly.
The Analysis of Kinesthesis
Leg Positioning Test
The beginning, competitive (speed), and synchronized
swimmers were tested for kinesthesis using Toler's Leg
23
Positioning test. ^

Table 20 presents the groups, sample

sizes, means, standard deviations, and variances utilized
to evaluate kinesthesis leg positioning performance.

23

Toler, op. cit.
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TABLE 20.

Summary of the Performance of Beginning, Com
petitive (speed), and Synchronized Swimmers
__________________ in Kinesthesis Leg Positioning_______
Groups

U

X

S.L.

Variance

Beginning

10

4-4-.00

8.097

65-556

Competitive
(speed)

10

4-0.50

5.503

30.278

Synchronized

10

4-2.50

6.770

4-5.833

As was previously stated, it is necessary to deter
mine whether the data meet the assumption underlying the
analysis of variance technique.
tic, suggested by Winer,
ity of variance.

24-

Hartley's

max

statis-

was used to test for homogene

The results of the test for homogeneity

of variance are presented in Table 21.
TABLE 21.

Summary of Hartley's Test for Homogeneity of
Variance for the Kinesthesis Leg
_______________________Positioning Measures____________
Treatment
groups

d.f.

Sums of
squares

Mean squares
(variance)

Beginning

9

590.000

65-556

Competitive
(speed)

9

272.500

30.28

Synchronized

9

4-12.500

4-5.833
2.165
5.34-0

^max
Fmax *e9uired

24Winer, op. cit.
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The null hypothesis that the group variances were
equal was tested.

With nine degrees of freedom involving

the comparison of three variances, an

IUclX

of 5-34- was

required for significance at the five percent level of
confidence.

An I

max

of 5-34- or greater would occur by

chance alone only five percent of the time.

Since the

computed Pmax was 2.165, no evidence for rejecting the
null hypothesis was provided.
No evidence was found that indicated the basic
assumptions for the analysis of variance had not been
met.
The null hypothesis that the group means were from a
common population was tested.

The results of that anal

ysis are presented in Table 22.
TA/RTiN 22.

Analysis of the Kinesthesis Leg Positioning
Score of Beginning, Competitive (speed),

Source of
variation

Sums of
squares

d.f.

Mean
squares

Between

61.667

2

30.83

Within

1275.000

27

47.22

Total

1335.667

29

p*
0.653

B required at 5$ level equals 3.35*
With 2 and 27 degrees of freedom, an P of 3-35 or
larger was required for significance at the five percent
level of confidence.

Since the computed P was 0.653, no

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

evidence was provided to reject the null hypothesis.
Thus the data provided no evidence that the kinesthesis
in leg positioning differed significantly between the
three groups.
The Analysis of Eight Ankle Flexibility
Average Ankle Flexibility Test
The beginning, competitive (speed), and synchronized
swimmers were tested for right ankle flexibility using
25
Johnson and Nelsons' Average Ankle Flexibility test. ^
Table 23 presents the groups, sample sizes, means, stand
ard deviations, and variances utilized to evaluate ankle
flexibility.
TABLE 23.

Summary of the Performances of Beginning,
Competitive (speed), and Synchronized
______________Swimmers in Right inkle Flexibility_______
Groups

N

X

S.L.

Variance

Beginning

10

99-98

13.916

193.656

Competitive
(speed)

10

110.80

14.266

203.511

Synchronized

10

106.60

10.752

115.599

As was previously stated, it is necessary to deter
mine whether the data meet the assumption underlying the
analysis of variance technique.

Hartley's Ffflax statistic,

25
^Johnson, loc. cit., p. 76.
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73
suggested by Winer,
variance.

26

was used to test for homogeneity of

The results of the test for homogeneity of var

iance are presented in Table 24.
TABLE 24.

Summary of Hartley's Test for Homogeneity of
Variance for Right Ankle Flexibility Measures
Sums of
squares

d.f.

Treatment
groups

Mean squares
(variance)

Beginning

9

1742.900

193.656

Competitive
(speed)

9

1831.399

203.511

Synchronized

9

1040.399

115.600
1.760

3?
computed
max
*
E
required
max
^

5.340

The null hypothesis that the group variances were
equal was tested.

With nine degrees of freedom involving

the comparison of three variances, an S'in&x
„ of 5*34 was
required for significance at the five percent level of
confidence.

An

E L 3 .X

of 5-34 or greater would occur by

chance alone only five percent of the time.
computed

Since the

was 1.760, no evidence for rejecting the

null hypothesis was provided.
Wo evidence was found that indicated the basic
assumptions for the analysis of variances had not been
met.
The null hypothesis that the group means were from a

iner, op. cit.
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common population was tested.

The results of that anal

ysis are presented in Table 25.
TABLE 25.

Analysis of the Right Ankle Flexibility Scores
of Beginning, Competitive (speed), and
___________________ Synchronized Female Swimmers______ __
Mean
squares

p*

2

302.2

1.768

27

170.9

Source of
variation

Sums of
squares

d.f.

Between

604-.4-69
4-614-.898

Within

Total
5219.367
29
*
F required at 5$ level equals 5.35*

With 2 and 27 degrees of freedom, an F of 3.35 or
larger was required for significance at the five percent
level of confidence.

Since the computed F was 1.768, no

evidence was provided to reject the null hypothesis.
Thus the data provided no evidence that the mean right
ankle flexibility of the three groups differed signif
icantly.
The Analysis of Left Ankle Flexibility
Average Ankle Flexibility Test
The beginning, competitive (speed), and synchronized
swimmers were tested for left ankle flexibility using
Johnson and Nelson’s Average Ankle Flexibility test.^
Table 26 presents the groups, sample sizes, means,

27

Johnson, loc. cit., p. 76.
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standard deviations, and variances utilized to evaluate
left ankle flexibility.
TABLE 26.

Summary of the Performances of Beginning,
Competitive (speed), and Synchronized
______________ Swimmers in Left Ankle Flexibility
Groups

N

X

S.L.

Variance

Beginning

10

91.40

15.042

226.267

Competitive
(speed)

10

109.10

8.573

70.100

Scnchronized

10

107.20

16.410

269.289

As was previously stated, it is necessary to deter
mine whether the data meet the assumption underlying the
analysis of variance technique. Hartley's Pmax statistic,
28
suggested by Winer,
was used to test for homogeneity of
variance.

The results of the test for homogeneity of

variance are presented in Table 27.
TABLE 27.
Treatment
groups

Summary of Hartley's Test for Homogeneity of
Variance for Left Ankle Flexibility Measures
Sums of
Mean square
d.f.
squares
(variance)

Beginning

9

2036.389

226.267

Competitive
(speed)

9

630.899

70.100

Synchronized

9

2423.599

269.2886
3.^42

E

computed
max
*
P
required
max
^

5.340

28...
Winer, op. cit.
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Tiie null hypothesis that the group variances were
equal was tested.

With nine degrees of freedom involving

the comparison of three variances, an 5'max of 5-34- was
required for significance at the five percent level of
confidence.

An F
of 5.34- or greater would occur by
max
u

chance alone only five percent of the time.

Since the

computed Fmax was 3*84-2, no evidence, for rejecting the
null hypothesis was provided.
No evidence was found that indicated the basic
assumptions for the analysis of variance had not been
met.
The null hypothesis that the group means were from a
common population was tested.

The results of that anal

ysis are presented in Table 28.
TABLE 28.

Analysis of Variance of the Left Ankle Flex
ibility Score of Beginning, Competitive
(speed),
and
------------ mr.r-Tv'-:___r
-.. Synchronized
I Female -Swimmers--Source of
Sums of
d.f.
Mean
variation
squares
squares
F
Between

1888.4-69

2

94-4-.2

Within

5090.898

27

188.6

5*008*

Total
6979*367
29
*
F required at 5°/° level equals 3*35

With 2 and 27 degrees of freedom, an F of 3-35 or
larger was required for significance at the five percent
level of confidence.

Since the computed F was 5*008, the
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hypothesis that the means were from a common population
was rejected at the five percent level of confidence.
Since the group means were not from a common popula2Q
tion of means, the Newman-Keuls test J was applied to all
group means to determine which means were significantly
different from the other group means.

The results of the

multiple range test on the group means for left ankle
flexibility are presented in Table 29.
TABLE 29.

Means

Newman-Keuls Test for Comparing the Means of
Beginning, Competitive (speed), and

Beginning

Synchronized

Competitive
(speed)

91.4-0

107.2

109.1

Beginning
Synchronized

15.8

Shortest
significant
ranges*

17.70*

R2=15.24-3

1.9*

R,=12.615
0

*Ranges for the .05 level of confidence
In terms of left ankle flexibility measured by the
Average Ankle Elexibility test, the mean performance of
the beginning swimmers was significantly different from
both the synchronized and competitive (speed) swimming
groups.

However, the synchronized swimmers proved not to

be significantly different from the competitive swimmers.

29
'Dotson, op. cit.
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SUMMARY
A summary of the means, standard deviations, and var
iances are presented in Table 30.

There were no signif

icant differences observed in the following test items:
arm strength, right ankle flexibility, kinesthesis arm
positioning, kinesthesis leg positioning, and percent of
total body fat.

However, significant differences did

exist in the measures of hip and trunk flexion, back
hypertension, and left ankle flexibility.
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TABLE 30.

Summary of Analysis of Data of all Eight
Test Items'

Test Item
Total Percent
Body Pat

Arm Strength

Hip/Trunk
Flexion

X

S.D.

Variancf

Beginning

28.33

7.572

57.342

Competitive
(speed)

21.75

4.535

20.564

Synchronized

25.58
30.10

6.667
4.982

44.576

Competitive
(speed)

33.15

5.207

27-114

Synchronized

29.30

4.436

19.677
2.284

Group

Beginning

Beginning
Competitive
(speed)
Synchronized

Hyperextension
of the Back

Beginning
Competitive
(speed)
Synchronized

Kinesthesis
Arm
Positioning

Kinesthesis
Leg
Positioning

Beginning

1.511
1.444

6.700

1.756

3.081

25-83
' 18.88

4.067
6.696

16.542

18.15
49.00

4.919

2.086

44.837
24.197
54.444

Competitive
(speed)

54.50

Synchronized

54.00

8.756

76.667

Beginning

44.00

8.097

. 40.50

5.503

65.556
30.278

42.50

6.770
13.916

45.833
193-656

14.266

203.511

106.60

10.752

91.40

15.042

Competitive
(speed)

109.10

8.373

115.599
226.267
70.100

Synchronized

107.20

16.410

269.289

Competitive
(speed)
Beginning
Competitive
(speed)
Synchronized

Left Ankle
Flexibility

5-775
8.900

7-379
4.378

Synchronized
Right Ankle
Flexibility

24.822

Beginning

99* 98
110.80

19.167
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CHAPTER V
DISCUSSION OP FINDINGS, CONCLUSIONS, AND
RECOMMENDATIONS FOR FURTHER RESEARCH
In this chapter, the study is discussed in three
sections:

(1) findings, (2) conclusions, and (3) recom

mendations for further research.
Discussion of Findings
The results of this study showed that the variable
of flexibility was the only characteristic that in some
instances proved significant among the three groups of
female swimmers; beginning, competitive (speed), and syn
chronized.
In the Wells Sit and Reach test,

-i

measuring hip and

trunk flexion, competitive (speed) swimmers were found to
be significantly more flexible than synchronized and
beginning swimmers.

There was no significant difference

found between synchronized and beginning swimmers in hip
and trunk flexion.
The Bridge-up test,

2

measuring hyperextension of the

back, showed that beginning swimmers differed signif-

Johnson, loc. cit., p. 70.

2

loc. cit., p. 73.

80
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icantly from synchronized and competitive swimmers.

The

beginning group had less hack flexibility than the other
two groups.

No significant differences existed between

synchronized and competitive (speed) swimmers.
A significant difference also was found in the flexibility variable of the left ankle.

Synchronized swim

mers and competitive swimmers were significantly differ
ent than beginning swimmers as they had greater mean
flexibility measures in left ankle flexibility.
There were no significant differences observed in all
of the other test items:

arm strength, right ankle flexi

bility, kinesthesis arm positioning, kinesthesis leg
positioning, and percent of total body fat.
Therefore, the idea that advanced swimmers have a
higher degree of kinesthesis, arm strength, and right
ankle flexibility cannot be supported by this study.
Although a difference did exist between the means of the
three groups in the percent of total body fat measure, a
statistically significant difference did not occur.
Advanced swimmers (competitive and synchronized) do,
however, indicate a higher degree of flexibility in the
area of hip -and trunk flexion, back hyperextension, and
left ankle flexion and extension.

3
Johnson, loc. cit., p. 76.
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CONCLUSIONS
The conclusions reached were based on findings of
this study, and are stated below:
1.

In measures of arm strength, there were no sig
nificant differences between the three groups of
female swimmers; beginning, competitive (speed)
and synchronized.

2.

In right ankle flexibility measures there were
no significant differences between the three
groups of female swimmers.

3.

In measures of kinesthesis (both the arm posi
tioning and leg positioning tests) there were no
significant differences between the three groups
of female swimmers.

4-.

In percent of total body fat measures, no. sig
nificant differences existed between the three
groups of female swimmers.

3.

Significant differences did exist in hip and
trunk flexion between beginning, competitive
(speed), and synchronized swimmers. Compet
itive (speed) swimmers showed greater hip and
trunk flexibility than synchronized and begin
ning swimmers. There was no significant
difference, however, between synchronized and
beginning swimmers.

6.

In back flexibility measures, beginning swim
mers had significantly less back flexibility
than competitive (speed) swimmers and synchro
nized swimmers. No difference existed between
competitive (speed) swimmers and synchronized
swimmers in back flexibility.

7-

In left ankle flexibility measures, synchronized
and competitive (speed) swimmers had greater
flexibility than beginning swimmers. No differ
ence existed between synchronized and compet
itive (speed) swimmers, however.
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RECOMMENDATIONS EOR EHRTHER RESEARCH
There are relatively few studies related to women
involved in the area of aquatics.

There is a need,

therefore, to have further research in this field.
In this study, the pools of available subjects were
limited.

The investigator, therefore, recommends that

larger groups of participants in the areas of beginning,
competitive (speed), and synchronized swimming be used in
further research.
Future studies in this area could include taking
measurements prior to and following participation in an
aquatic program (test-retest method).

Tests measuring

more joints of flexibility, skinfold measures, reaction
time, reflex time, cardio-vascular endurance, resting
pulse, and demographic data could also be included in
future studies.
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Chatillion scales:

John Chatillion & Sons
83-30 Kew Gardens Road
Kew Gardens, New York 11415
(max. 9 kilos x 10 grams)

Physician's scales:

Health-o-meter by Continental
Grand Rapids Scale Company
4217 Stafford S.W.
Grand Rapids, Michigan 49508

Propper Spirometer:

Dry spirometer PC 5^55
J. A. Preston Corporation
71 Pifth Ave.
New York, New York 10003

Hand Grip Dynamometer:

Model #76502
Lafayette Instrument Co.
Lafayette, Indiana

Shoulder Breadth Caliper:

Protractor:

PC 5026
J. A. Preston Corporation
71 Pifth Ave.
New York, New York 10003

Design adapted from Toler
Equipment construction is described below:

A protractor with a range of 180 degrees was designed
on a 4 foot by 8 foot sheet of heavy duty plastic.

This

was supported by a frame built of 1 x 2 yellow pine wood.
The angles were marked every 5 degrees, alternating red
and black lines for ease in reading.

Waterproof felt

'I
Toler, Elaine, "The Relationship of Selected Meas
ures of Flexibility and Kinesthesis to Achievement in
Synchronized Swimming Stunts." M.S. thesis, University
of Iowa, Iowa City, Iowa, 1971* Abstract.
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marking pens were used for drawing these lines.

This

apparatus was suspended 6 inches above the surface of the
water by the use of two inner tubes and the edge of the
pool.
Two stick figures were drawn on separate pieces of
9" by 611 cardboard that were laminated for use near the
water.

One figure was shown lying on its back with a

left arm extended 55 degrees outward from his side.
The other figure was shown on its side with his right
leg extended 35 degrees forward while the left leg
remained straight.
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APPENDIX B

FORMULAS FOR COMPUTATION OF
PERCENT OF TOTAL BODY FAT
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In underwater weighing, selected equations must be
used to estimate body density and percent of total body
fat is assessed.

The following computational proce

dures provide the needed information.
1.

Find the body density in grams/cc.
Db -

M_
a
M

•m

w

-

m

D.w

3*
%

RV

Weight of subject in air in grams.
Weight of subject in water in grams.
Density of water at temperature taken
during underwater weighing (conversion
factors are listed below).
Residual volume in cc. as estimated from
vital capacity.

2.

Compute the relative fat, (i.e., the percent of
the body weight that is stored in fat) according
to the equation:
^
s.
Percent of Pat = 4.570 - 4.142 x 100
D,

3-

Compute the absolute Pat (i.e., the total weight
of the stored body fat) according to the equartion:
Pat = Weight x Percent Pat
100
Fat and Weight:

4.

Expressed in kilograms.

Find the LBW:
L3W = Weight-Pat
Pat and Weight:

Expressed in kilograms.

'I

Shaver, Larry G., Experiments in Physiology of
Exercise. Minneapolis, Minnesota: Burgess Publishing
Co'7, 1973. P. 75-
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BTPS* conversion factors

Temperature (°C)

20
21
22
23
24
25
26
27
28
29
30

'

BTPS Pactor

1.102
1.096
1.091
1.085
1.080
1.075
1.068
1.063
1.057
1.045
1.039

*Body temperature, ambient pressure, saturated with,
water vapor.
Prom Consolazio, C. P., Johnson, S. E., and Pecora?
L. J.: Physiological Measurements of Metabolic Punctions
in Man. New York: McGraw Hill Book Co., 1963.
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Density of Water at Different Temperatures*

Temperature (°C)
21
22
23
24
25

D_. (grams/ml)

.-

0.9980
0.9978
0.9975
0.9973
0.9971

26
27
28
29
30

0.9968
0.9965
0.9963
0.9960
0.9957

31
32
33
3435

0.99540.9951
0.994-7
0.9944
0.9941

36
37
38
39
4-0

0.9937
0.9934
0.9930
0.9926
0.9922

*Extracted from Weast, R. C.
(ecL.). Handbook of
Chemistry and Physics, 54-th e d . , Cleveland:
The Chemical
Rubber Company, 4967, p. P-11.
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TEST ITEM PAW SCORES
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RAW DATA OF BEGINNING, COMPETITIVE (SPEED), AND
- .SYNCHRONIZED SWIMMERS .

A

CQ

-p

&D

ft

©

ft

©

U

pi

©

ffl pi

I

ft
©

H ^
H -P

©

O

S

&

<

Fh

Fl

ft
- H
K

fl ft
©

tO

©\

5

ft -pctS

P

o

i^
fh ft

ft

©
pH o

FQ

ft

©
©
ft B
f t Pi
© ©
©
Pi

©

©

ft

ft

W
©

ft
ft
©
©
Pi

ft

ft

«

W

&D
©

ft

■y
ft
©
+=

ft

bD
•r l

©
1—1

ft
Pi
©

ft
ft
©
Hi

1 synch

38.5

5.25

27-50

27.85

50

40

89

.88

2 synch

28.5

5.00

13.25

38.27

55

50

112

137

3 synch

30.0

6.00

17.75

26.19

55

40

120

115

4 synch

32.5

8.75

14.50

29.79

50

40

116

122

5 synch

29.0

4.00

17.75

21.41

40

35

100

105

6 synch

26.0

6.00

26.00

30.74

55

40

100

87

7 synch

33.0

9.50

14.00

19.13

55

40

121

116

8 synch

24.0

7.00

15.00

23.07

55

55

95

99

9 synch

24.5

8.00

16.50

24.92

50

50

108

113

10 synch

27.0

7-50

19.25

14.42

75

35

105

90

11 comp

32.0

8.50

18.50

24.50

50

4-5

80

109

12 comp

31.0

10.50

28.50

29.40

60

35

110

105

13 comp

28.0

9.50

14.00

23.12

60

35

122

125

14 comp

32.5

7.00

26.00

22.99

55

40

97

109

15 comp

33.0

11.50

22.25

21.78

55

40

126

111

98
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RAW DATA OR BEGINNING, COMPETITIVE (SPEED), AND
_______ SYNCHRONIZED SWIMMERS (con't.)________
16 comp

27.0

9.00

8.00

15.67

55

45

112

106

17 comp

41.0

9.50

11.25

15.91

55

35

112

97

18 comp

28.0

7.75

17.50

18.85

55

50

129

121

19 comp

38.0

8.75

17.25

26.79

45

45

110

106

20 comp

41.0

7-00

25.50

18.48

55

35

110

102

21 begin

25.0

7-00

18.50

21.12

50

45

114

99

22 begin

32.5

5.50

28.25

35.07

50

50

111

102

23 begin

24.0

6.00

25.50

35-78

50

30

105

94

24 begin

36.3

4.00

29.50

33.4-4

35

35

72

53

25 begin

25.5

3.50

31.00

21.20

60

55

100

93

26 begin

37.0

7.00

26.25

23.62

55

45

82

82

27 begin

26.5

7.00

26.00

23.07

45

45

93

98

28 begin

30.0

6.50

19.75

19.30

40

40

110

107

29 begin

28.5

3-75

29.00

40.66

55

55

112

92

30 begin

35.5

7.50

24.50

30.00

50

40

100

94
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APPENDIX D
TEST ITEM SCORE SHEET
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GRIP TEST-ARM STRENGTH
RIGHT
HAND:

LEFT
HAND:

UNDERWATER WEIGHING
1. _____

BEST EFFORT

2. _______

AIR TEMP:

3 . _______
4. _______

H20 TEMP:
VITAL
CAPACITY

5- ________

.

WELL'S SIT & REACH TEST
AVERAGE WEIGHT

1

2.
3.

BEST EFFORT

KINESTHETIC SENSE

.
2.

1

BRIDGE-UP
1.
2.

ARM
ANGLE
BEST EFFORT

3.
BEST EFFORT

3.

ANKLE FLEXIBILITY

DEVIATION

1.

2.

LEG
ANGLE

3.

RECORDED ON CARD NUMBER:
HOME ADDRESS:

BEST EFFORT
DEVIATION

SIGNATURE OF SUBJECT:

UOD
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SYNCH:
SPEED:. --|---- ^
HT:
WT:
AGE:
J
-i- *
*BEG:
* * '" " *
you are interested in receiving a copy of the findings in this test, please fill
-your home address in on the bottom. THANK YOU FOR TAKING PART! Mary Jo___________

*Xf

